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Specific Polymorphic Variation in the Mitochondrial
Genome and Increased In-Hospital Mortality After

Severe Trauma

Jeffrey A. Canter, MD, MPH,* Patrick R. Norris, PhD,†‡ Jason H. Moore, PhD,§
Judith M. Jenkins, MSN,† and John A. Morris, MD†¶

Objective: To determine whether specific genetic variations in the
mtDNA that impact energy production and free-radical generation
are potential new risk factors for in-hospital mortality after severe
trauma.
Summary Background Data: Each of the 3 mitochondrial DNA
polymorphisms selected for this study (at positions 4216, 10398,
4917) alter the amino acid sequence of different key subunits of
Complex I in the electron transport chain. They have been previ-
ously implicated in phenotypes involving tissues with high-energy
demand, such as the brain and retina.
Methods: Seven hundred forty-five consecutive patients admitted to
the trauma intensive care unit at Vanderbilt University Medical Center
between April 11, 2005, and February 27, 2006, were potentially
eligible for this study. Under an Institutional Review Board-approved
protocol (which excluded patients �18 years of age and prisoners), 666
patients had DNA extracted from a blood sample. Detailed demo-
graphic and clinical covariates were also obtained (including age,
gender, ethnicity, lactate measurements, and injury severity score). A
flurogenic 5� nuclease allelic discrimination Taqman assay and the ABI
7900HT Sequence Detection System (v2.1) was used to genotype the
T4216C, A10398G, and A4917G polymorphisms. The primary out-
come was in-hospital mortality.
Results: Multivariate logistic regression analysis revealed that the
4216T allele was a significant independent predictor of in-hospital
mortality (OR � 2.63, 95% CI 1.14–6.07, P � 0.02) after adjust-
ment for age, gender, injury severity score, highest lactate level,
mechanism of injury, and the 10398 polymorphism.

Conclusions: Variation in the mtDNA, specifically the 4216T allele,
appears to increase the risk of in-hospital mortality after severe injury.

(Ann Surg 2007;246: 406–414)

The stress response after injury is characterized by high-
energy requirements and inflammation. About 90% of all

cellular adenosine 5�-triphosphate is produced by the electron
transport chain embedded in the inner mitochondrial mem-
brane.1–3 This chain of multisubunit protein complexes con-
sist of gene products from the 2 human genomes: the mito-
chondrial and nuclear.4 The mitochondrial genome (mtDNA)
consists of only 16,569 base pairs, yet it encodes 13 critically
important subunits of the electron transport chain.1,4,5

Mitochondria are a major source of oxygen-derived
free radicals, also collectively known as reactive oxygen
species (ROS) and therefore, contribute to the inflammatory
response. Under normal physiologic conditions, as many as
2% of electrons leak form the mitochondrial electron trans-
port chain and reduce oxygen to superoxide anion, triggering
formation of a cascade of free radicals that indiscriminately
damage biologic macromolecules.3,6–10 Mitochondria are es-
pecially susceptible to damage by ROS because the mtDNA
has limited reparative capacity.1 Damage to mtDNA creates a
cycle of worsening mitochondrial dysfunction and increased
ROS production. Both cellular energy production and dam-
age by ROS have long been thought to play roles in the stress
response and the resulting patterns of secondary injury.

Stable single nucleotide polymorphisms (SNPs) have
emerged in mtDNA over the past 150,000 years.11 The
distribution of these mtDNA polymorphisms vary greatly
across populations reflecting human migration and adaptation
to environmental conditions.12–16 The result is that in humans
there are different types of mitochondrial electron transport
chains defined by SNPs that alter the amino acid sequences of
critical subunits in these protein complexes. Each of these
types may have slightly different capacities for energy pro-
duction and free-radical generation. Variations in mitochon-
drial SNPs have been associated with Parkinson disease,
Alzheimer disease, Friedrich’s ataxia, amyotrophic lateral
sclerosis.16–22 In this study we selected 3 specific SNPs
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located at positions 4216, 10398, and 4917 in the mtDNA
because they alter the amino acid sequence of different key
subunits of Complex I and because they have been implicated
in other phenotypes involving high-energy demand.18,19,23–32

We hypothesized that specific mitochondrial genetic poly-
morphisms that alter electron transport could lead to impaired
energy production or increased ROS production resulting in
increased mortality after traumatic injury. To test this hypothesis
we studied a large, consecutive cohort of trauma patients en-
rolled in the Vanderbilt Trauma Genetics Repository.

METHODS

Study Population
All patients admitted the Vanderbilt University Medi-

cal Center (VUMC) trauma intensive care unit (ICU) from
April 11, 2005 to February 27, 2006, were potentially eligible
for this prospective study cohort. VUMC is located in Nash-
ville, Tennessee, and is the only level I trauma center serving
an 80,000 square-mile catchment area. Individuals younger
than 18 years old, prisoners, those with known pregnancy,
and those that expired before admission to the Trauma ICU
were excluded. All patients had a blood sample drawn for
DNA extraction within 24 hours of admission to the Trauma
ICU. The primary outcome for this particular study was
in-hospital mortality, specifically death occurring before dis-
charge from this hospital after admission to the VUMC
Trauma ICU. All patients were enrolled in this study under a
protocol approved by the VUMC Institutional Review Board.

Data Sources
VUMC’s clinical and research information infrastruc-

ture provided the linked demographic, clinical, laboratory,
genetic, and outcome data used in this study. This infrastruc-
ture has been described in detail elsewhere.33–35 Specific
components used in this study include:

1. TRACS (Trauma Registry of the American College of
Surgeons): All patients evaluated at VUMC for trauma or
burns had their data entered into the TRACS database.
Currently more than 300 parameters are captured via
retrospective chart review. This study made use of patient
demographic, clinical, laboratory, and outcome data from
this registry.

2. Vanderbilt Trauma Genetic Repository: Since April 11,
2005, all consecutive Trauma ICU admissions have DNA
samples and genotype data stored in this repository.

Covariates
Demographics

Patient age in years, gender, and primary mechanism of
injury (blunt or penetrating) were obtained from TRACS.
Ethnicity was categorized as white, African American, His-
panic, Asian, and other.

Physiologic Reserve
ISS and patient age, obtained from TRACS, were used

to assess magnitude of injury and preinjury physiologic
reserve. Laboratory measures of physiologic reserve used in
this study included acidosis and hemorrhage severity, as
reflected in the admission hematocrit. Acidosis was assessed
using 3 measurements: initial lactate value, highest lactate
value in the first 24 hours, and the highest lactate over the
entire hospitalization.

DNA Analysis
DNA was isolated from whole blood using PURE-

GENE (Gentra Systems Inc., Minneapolis, MN). Genotyp-
ing was performed with the ABI PRISM 7900HT Sequence
Detection System (Applied Biosystems Inc., Foster City,
CA) using the 5�nuclease allelic discrimination Taqman
assay. The mtDNA 4216C SNP was detected using the
ABI sequence detection system. Primer and probe se-
quences are as follows: TaqMan MGB probe for the T
allele: 6-FAM-AGC ATT ACT TAT ATG ATA TGT C;
TaqMan MGB Probe for the C allele: VIC-TAG CAT TAC
TTA TAT GAC ATG TC; 4216 Forward Primer, TCC
TAT GAA AAA ACT TCC TAC CAC TCA; 4216 Reverse
Primer GCT GGA GAT TGT AAT GGG TAT GG. The
mtDNA 10398A SNP was also detected using the ABI
sequence detection system. Primer and probe sequences
are as follows: 10398 Forward Primer: CTA CAA ACA
ACT AAC CTG CCA CTA ATA G; 10398 Reverse
Primer: GGG CAT TTG GTA AAT ATG ATT ATC A;
Taqman MGB Probe for G allele: VIC-AGA CTG AGC
CGA ATT; Taqman MGB Probe for A allele: 6FAM-TAG
ACT GAA CCG AAT TG. The mtDNA 4917G SNP was
detected using a MGB Eclipse Probe because of a poly-
morphism at the position 4918 (Nanogen, Bothell, WA).
The 4917 forward primer was CAACTGCCTGCTA*
TGATGGAT and the 4917 reverse primer was GGCCT-
GCTTCTTCTCACATGACA (* represents a proprietary
nucleotide analog).The FAM probe for the wild type 4917
allele was TTACGA*TT*A*GT*GN*GG and the TET
probe for the 4816G allele was TTACGA*CTA*
GT*GN*GG (with N and * representing proprietary nu-
cleotide analogs.) Genotypic data were analyzed using
ABI Sequence Detection System version 2.1 software and
confirmed by visual inspection of the plots. Genotypes
were classified as undetermined if PCR amplification
failed with the specified sets of probes and primers.

Statistical Analysis
Mitochondrial genotype frequencies and other categor-

ical variables were compared between survivors and nonsur-
vivors using the Pearson �2 test or the Fisher exact test.
Continuous demographic variables were compared using the
Student t test or the Mann-Whitney U test if the variables
were not normally distributed. The Pearson product-moment
correlation was used to measure the strength of association
between 2 continuous variables. The mitochondrial polymor-
phisms evaluated in this study are generally homoplasmic
(only 1 allele is present in a given individual). Unconditional
multivariate logistic regression models were constructed to
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determine the odds ratios and 95% confidence levels for
associations between the specific mitochondrial polymor-
phisms, potential confounding variables (such as injury se-
verity score) and the outcome variable, in-hospital mortality.
Tests for statistical significance were 2-sided with an � level
of 0.05. All statistical analyses were accomplished using the
STATA statistical software package (version 9.0; College
Station, TX).

RESULTS

Study Population Characteristics
The initial cohort consisted of 745 patients. Seventy-

nine patients met exclusion criteria. The remaining 666 pa-
tients comprise the study population. The demographic and
clinical characteristics of this group are stratified by the
primary outcome variable, in-hospital mortality, and pre-
sented in Table 1. The overall in-hospital mortality for this
group was 12.9% (86/666). Age (mean, in years) was signif-
icantly different between survivors and nonsurvivors, 41.2
years versus 48.5, P � 0.001. Males represented 73.9% of
this cohort (492/666). Although males had a higher rate of
in-hospital mortality than females (14.0% vs. 9.8%), the
difference was not statistically significant in this population
(P � 0.15). ISS, initial lactate level, highest lactate level
within 24 hours and highest lactate level over the entire
hospitalization were all significantly elevated in nonsurvivors
as compared with survivors. There was a modest, but statis-
tically significant, correlation (r � 0.2, P � 0.001) between
ISS and the highest lactate level over the entire hospitaliza-
tion. In-hospital mortality also differed by primary mecha-
nism of injury, with blunt trauma having a rate of 14.0%
(78/558) compared with 6.9% (7/102) after penetrating

trauma (P � 0.05). As expected, ISS varied significantly
between the blunt trauma (mean � 29.5) and penetrating
trauma (mean � 19.9; P � 0.01).

Mitochondrial Genotyping Results
Genotyping efficiency for the 3 mitochondrial DNA

polymorphisms in this study population was 4216 (99.0%),
10396 (98.1%), and 4917 (99.6%). Table 2 presents the
results of the univariate analysis for each polymorphism. Of
the 3 tested, the 4216 polymorphism revealed a possible
association with in-hospital mortality. The T allele of 4216
had an in-hospital mortality rate of 14.1% (75/532) as com-
pared with the 4216C allele, which had a mortality rate of
8.2% (11/134), OR � 1.83 (95% CI 0.93–3.95), P � 0.07.

The distribution of these specific mitochondrial poly-
morphisms varied considerably by ethnicity. (Table 3) The C
allele of 4216 was present in 22.9% (122/532) of white
individuals, whereas it was found in only 4.5% (3/66) of
African Americans and in 0% (0/50) Hispanics. The A allele
of 10398 was present in 75.9% (403/531) of white individuals
compared with 1.5% (1/65) of African Americans. The 4917
polymorphism also had a significantly varied distribution
again based on ethnicity with the G allele being present in
10.6% (57/535) of whites and in none of the African Amer-
icans (0/67) or Hispanics (0/65). Because of the absence of
polymorphic variation at these 3 mitochondrial sites in the
African American and Hispanic groups, we confined the
remainder of our analysis to white individuals. In whites (n �
532), the univariate analysis of the 4216 allele continued to
reveal a possible association with in-hospital mortality. Those
trauma victims with the 4216T allele had a mortality rate of
14.4% (59/410) and those with the C allele had a mortality
rate of 8.2% (10/122), OR � 1.88 (95% CI 0.91–4.26), P �

TABLE 1. Demographic and Clinical Characteristics of Study Population Stratified by
In-Hospital Mortality

Characteristic Survivors (n � 580) Nonsurvivors (n � 86) P

Age (yr) (mean) 41.2 48.5 �0.01

Ethnicity (n) (frequency)

Caucasian 469 (87.2%) 69 (12.8%)

African-American 61 (91.0%) 6 (9.0%)

Hispanic 42 (84.0%) 8 (16.0%)

Asian 2 1

Other 6 2

Gender (n) (frequency) 0.15

Male 423 (86.0%) 69 (14.0%)

Female 157 (90.2%) 17 (9.8%)

Injury severity score (mean) 27.0 34.8 �0.01

Initial lactate level (mEq/L) (mean) 3.14 4.08 �0.01

Highest lactate in first 24 h (mEq/L) (mean) 3.56 5.28 �0.01

Highest lactate over entire hospitalization
(mEq/L) (mean)

3.61 6.11 �0.01

Admission hematocrit (mean) 36.2 36.0 0.83

Main mechanism (n) (frequency) 0.05

Blunt 480 (86.0%) 78 (14.0%)

Penetrating 95 (93.1%) 7 (6.9%)

Not assigned 5 1

Canter et al Annals of Surgery • Volume 246, Number 3, September 2007

© 2007 Lippincott Williams & Wilkins408



0.07. The 4216T allele group had higher mean lactate
levels than the 4216C allele group at time of admission
(3.13 � 1.9 vs. 3.02 � 2.1), during the first 24 hours after
admission (3.66 � 2.5 vs. 3.39 � �2.0), and during the
entire hospitalization (3.80 � 2.7 vs. 3.72 � 2.7). How-
ever, these differences in lactate levels between genotype
groups were not statistically significant in this study pop-
ulation.

There were also no statistically significant differences
between the 4216T allele group compared with those with
4216C with regard to age (mean age: T allele � 43.7 years vs.
C allele � 46.1, P � 0.21), gender (T allele � 74% male vs.
C allele � 71% male, P � 0.38) or ISS (mean ISS score: T
allele � 28.4 vs. C allele � 28.2, P � 0.82). A preliminary
analysis of 2 secondary endpoints, ICU days, and total hos-
pital days, reveals statistically significant differences based
on 4216 genotype. The median number of ICU days for the
4216T allele group was 5.3 days compared with 6.1 day for
the 4216C allele group (P � 0.04). A similar difference was
also noted in median total hospital days �4216T allele group
� 13.9 days vs. 4216C allele group � 15.2 days, (P � 0.01)�.
We suspect that this difference is at least in part due to
survival bias stemming from the statistically significant dif-
ference in-hospital mortality based on the 4216 genotype.

Multivariate Analysis
A multivariate logistic regression model was con-

structed to identify independent predictors of in-hospital
mortality. Our primary model included age, gender, ISS,
mechanism of injury, highest lactate level during hospitaliza-
tion, and the 4216 and 10398 mitochondrial polymorphisms.
The 4216 polymorphism was suspected as being a contributor
to the outcome based on the univariate analysis. The 10398
polymorphism was also included in this model because the C
allele of 4216 occurs with both of the 10398 alleles. There-
fore, adjustment for the 10398 polymorphism by the model
was necessary to discern if the 4216 polymorphism was truly
an independent predictor of in-hospital mortality.

The results of this analysis are presented in Table 4.
Not surprisingly, age (OR � 1.04, 95% CI 1.02–1.06, P � 0.
01), ISS (OR � 1.05, 95% CI 1.03–1.08, P � 0. 01) and
highest lactate value during hospitalization (OR 1.25, 95% CI
1.14–1.35, P � 0. 01) are independent predictors of in-
hospital mortality. This study also demonstrated that the
mitochondrial DNA polymorphism 4216 was also an inde-
pendent predictor (T allele: OR � 2.63, 95% CI 1.14–6.07,
P � 0.02) of in-hospital mortality after adjusting for potential
confounding variables (age, ISS, highest lactate level during
hospitalization, plus gender, mechanism of injury, and the
mitochondrial DNA polymorphism 10398). To confirm the
robustness of this finding, a cut down model (Table 5) with
just age, gender, and ISS as covariates demonstrated again
that the mitochondrial DNA polymorphism 4216 remained an
independent predictor of in-hospital mortality after severe
trauma (T allele: OR � 2.16, 95% CI 1.04–4.46, P � 0.04).

TABLE 4. Multivariate Logistic Regression Model of
In-Hospital Mortality in 525 Consecutive White Patients
Admitted to a Trauma ICU

Variable Odds Ratio (OR) 95% CI P

Age (yr) 1.04 1.02–1.06 �0.01

Gender (male) 1.76 0.90–3.44 0.10

ISS 1.05 1.03–1.08 �0.01

Highest lactate during admission
(mEq/L)

1.25 1.14–1.35 �0.01

Main mechanism of trauma (blunt) 0.84 0.26–2.73 0.77

Mito 4216, T allele 2.63 1.14–6.07 0.02

Mito 10398, G allele 0.67 0.33–1.34 0.26

Includes only those individuals with successful genotyping.

TABLE 5. Four-Variable Multivariate Logistic Regression
Model of In-Hospital Mortality in 525 Consecutive White
Patients Admitted to a Trauma ICU

Variable Odds Ratio (OR) 95% CI P

Age (yr) 1.04 1.02–1.05 �0.01

Gender (male) 2.02 1.06–3.86 0.03

ISS 1.06 1.04–1.09 �0.01

Mito 4216, T allele 2.16 1.04–4.46 0.04

TABLE 2. Comparison of Specific Mitochondrial DNA
Polymorphism Frequencies in Study Population Stratified by
In-Hospital Mortality

Mitochondrial
Polymorphism Survivors Nonsurvivors

Odds Ratio
(OR)

95% CI
of OR P

4216 1.83 0.93–3.95 0.07

T allele 457 75 (14.1%)

C allele 123 11 (8.2%)

10398 1.01 0.60–1.73 0.96

A allele 390 57 (12.7%)

G allele 180 26 (12.6%)

4917 1.29 0.53–3.80 0.57

A allele 526 51 (8.8%)

G allele 80 6 (7.0%)

Includes only those individuals with successful genotyping.

TABLE 3. Ethnic Distribution of Specific Mitochondrial DNA
Polymorphism Frequencies

Mitochondrial
Polymorphism White African American Hispanic

4216

T allele 410 63 50

C allele 122 (22.9%) 3 (4.5%) 0 (0%)

10398

A allele 403 1 9

G allele 128 (24.1%) 65 (98.5%) 37 (80.4%)

4917

A allele 478 67 50

G allele 57 (10.6%) 0 (0%) 0 (0%)

Includes only those individuals with successful genotyping.

Annals of Surgery • Volume 246, Number 3, September 2007 Mitochondrial DNA Polymorphisms and Mortality After Trauma

© 2007 Lippincott Williams & Wilkins 409



DISCUSSION
After severe trauma, a very complex stress response

occurs that involves high-energy demand and inflammation.
The high mortality associated with this phenotype makes
understanding this intricate process imperative. The complex-
ity is daunting; however, a systematic uncovering of environ-
mental and genetic factors in this patients population will
hopefully further reduce in-hospital mortality after admission
to a Trauma ICU. In this study, we demonstrated for the first
time that a specific variation in the mtDNA appears to
influence the ability to survive after trauma. The effect size
for the 4216 polymorphism was unexpectedly large (T allele:
OR � 2.63, 95% CI 1.14–6.07, P � 0.02) and remained an
independent predictor even after careful adjustment for many
known potential confounding variables. Perhaps these results
should not be surprising given the central role mitochondria
play in cellular energy production, apoptosis, and free-radical
generation.1,4

The mtDNA is a rich source of genetic variation.1,4 The
careful selection of the 3 mitochondrial SNPs in this study was
based on 2 factors: (1) the mitochondrial polymorphism must
result in the nonsynonymous change in an amino acid in an
important subunit of Complex I in the electron transport chain,
and (2) there must be prior epidemiologic evidence of associa-
tion with disease phenotypes involving diminished energy pro-
duction and/or increased free-radical generation. In the first
polymorphism, T4216C, a histidine is substituted for a tyrosine
in the ND1 subunit of Complex I in the mitochondrial electron
transport chain. The 4216C allele has been associated with male
infertility caused by asthenozoospermia, DIAMOAD, (a rare
disorder comprised of diabetes insipidus, diabetes mellitus, optic
atrophy, and deafness.) and Leber’s hereditary optic neuropa-
thy.23–27 The second mtDNA polymorphism evaluated in our
study, A10398G, alters the ND3 subunit of NADH dehydroge-
nase by changing a threonine to an alanine. This SNP has been
associated with neurodegenerative phenotypes and longevi-
ty.18,19,28–30 The third mitochondrial polymorphism we in-
corporated into this study was A4917G. This SNP results
in a change in the amino acid sequence from asparagine to
aspartic acid in the ND2 subunit of Complex I. This SNP
appears to be an independent predictor of peripheral neu-
ropathy complicating antiretroviral therapy in HIV pa-
tients.32 In the case of each SNP, the proposed pathophys-
iologic mechanism includes an increased rate of electron
leakage from Complex I resulting in increased ROS, which
in turn contributes to both mitochondrial and nuclear DNA
damage resulting in mitochondrial dysfunction.36,37 Alter-
natively, the adverse effects could relate directly to the less
efficient functioning of Complex I or a reduced ability of
individuals with these alleles to respond to an oxidative
challenge.18

The specific mitochondrial polymorphism associated
with increased risk for in-hospital mortality in the present
study is located at position 4216 in the mtDNA and has 2
alleles (a T allele and a C allele). Analysis of our population
reveals that trauma patients with the T allele carry an in-
creased risk of in-hospital mortality relative to the C allele.
The 4216T allele is present in approximately 80% of

whites.25,38–41 The 4216C allele in this analysis would nec-
essarily be viewed as protective relative to the 4216T allele.
The 4216C allele has previously been associated with chronic
neurodegenerative disorders such as Parkinson disease and
Leber’s Hereditary Optic Neuropathy.23–27 A study by Ruiz-
Pessini et al demonstrated that the 4216C allele was associ-
ated with male infertility in Spain.23 Natural selection should
have eliminated this 4216C allele from the population be-
cause of its impact on reproductive fitness. However, the
variation is found in 20% of whites. Our study shows for the
first time that this allele appears to play a role in surviving
trauma and perhaps account for the persistence of this vari-
ation within the white population. We suspect that the com-
plete explanation for this finding will likely be far more
complex. Our future research must be directed toward mea-
suring the functional consequences of this specific mitochon-
drial DNA variation that has been associated with 3 very
disparate phenotypes: trauma survival, male infertility, and
specific types of neurodegeneration.

Genetic association studies are fraught with potential
limitations that we expressly attempted to avoid in the
present study.42 First, a population-based, prospectively
collected cohort of consecutive patients to a Trauma ICU
from a large catchment area was used in the analysis to
minimize the effect of selection bias. Second, the dramatic
variation in the distribution of the mtDNA polymorphisms
in the different ethnic populations required that the results
be stratified by specific ethnic group to avoid the con-
founding effect of unidentified population substructure.
Third, mtDNA polymorphisms were selected that had prior
epidemiologic evidence of association with phenotypes
where alteration in cellular energy production and ROS
production are important lending further biologic plausi-
bility to their potential involvement. It remains possible
that the 4216T allele is in linkage disequilibrium with a
more important causative polymorphism. An important
next step, after validation of this observation in another
large trauma population, will be detailed sequencing of
complete mtDNA s coupled with genotyping of important
nuclear SNPs relevant for mitochondrial function. Epi-
static interactions between individual loci in the mtDNA as
well as nuclear-mitochondrial gene interactions may
emerge.43 A recent study by Johnson et al of genetic
expression profiles in patients developing sepsis after
trauma showed that there is not just a great deal to be
learned about the genetic component of the physiologic
response to injury, but also that genetic information may
be used to predict important clinical outcomes.44

CONCLUSION
In summary, this study provides novel evidence that

polymorphic variation in the mtDNA contributes to in-hos-
pital mortality after severe traumatic injury. The magnitude
of the risk associated with the 4216T allele suggests that this
polymorphism should be considered as an important new
genetic risk factor. As we contemplate genome-wide associ-
ation studies in trauma that will encompass the 6,000,000,000
base pairs in the human diploid genome it is worth recalling
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that humans have 2 genomes. Variation in the 16,569 base
pairs of mtDNA should not be overlooked in our quest to
uncover important genetic factors central to the stress re-
sponse after severe injury.
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Discussions
DR. TIMOTHY R. BILLIAR (PITTSBURGH, PENNSYLVANIA):

Canter and colleagues show a significant association between
in-house mortality and the presence of the 4216T allele in
mitochondrial DNA in 660 trauma patients.
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Underlying person-to-person variability and mitochon-
drial function could be a potential factor determining how
well traumatic stress is tolerated by an individual.

This hypothesis is astutely derived from literature, some
of it generated by Dr. Canter himself, demonstrating that muta-
tions in genes for mitochondrial targeted proteins, proteins
encoding genes involved in energetics, are associated with dis-
ease states. Among the most notable are defects in Complex I,
also known as NADH ubiquinone oxidoreductase. This is a
42-protein complex that shuttles electrons to Coenzyme Q.
Seven of these proteins derive from mitochondrial DNA. Mu-
tations in mitochondrial DNA deserve special attention because
stable mutations are easily propagated due to the lack of homol-
ogous recombination in the mitochondrial genome.

Known mitochondrial Complex I mutations are associ-
ated with inherited defects in high-energy consuming organs
including the brain and heart. One of the most severe forms,
fatal fetal lactic acidosis, demonstrates the consequences of
severely altering Complex I function.

The Canter study implies that milder defects only
manifest under severe stress states. It would be remarkable if
a single nucleotide change resulting in a single amino acid
substitution in 1 of 42 proteins could act as an independent
predictor of mortality. If true, a new milestone in our under-
standing has been achieved.

We have understood for some time that elevated circu-
lating lactic acid levels, and perhaps even more importantly
sustained lactic acidosis, are associated with greater mortality
following injury. Although this is not a uniform observation,
most studies in traumatized or burned patients point to an
association of high initial lactic acid levels and sustained
levels in patients who die. This includes even a very recent
study published in 2007 in burn patients by Cochran and
coworkers where lactate at 12 and 48 hours served as a
predictor for mortality independent of age, total body surface,
burn, or gender.

Let’s connect the dots. Could the tendency to generate
more lactate be a consequence of our mitochondrial pheno-
type? This raises several key questions that are left unan-
swered. I have 4 questions for you.

Number 1, what were the lactate levels in the T allele
group compared to the C allele group regardless of survivorship?

Number 2, was there an association between the T
allele in combination and another predisposing factor? An
example might be male gender.

Third, you report only mortality. Do other more subtle
endpoints correlate with the T allele? For example, ICU days,
length of stay, infectious complications, or days on a ventilator.

Finally, there is a clear racial association with mito-
chondrial DNA polymorphisms. You also note differences in
survival between whites and African Americans in your
studies. Because mitochondrial DNA mutations clearly sep-
arate into groups based on race, how likely is it that the
differences are due to other factors associated with race and

that the separation by DNA polymorphisms only result in a
racial identification?

DR. JEFFREY A. CANTER (NASHVILLE, TENNESSEE): We
have just begun to probe the data set for variations in
association with the T allele and lactate levels. There are
some very interesting racial differences in lactate levels.
Again, this is a prospective cohort study. So we are not
cherry-picking patients. African Americans have a lower
lactate level at the time of admission by almost 1 milliequiv-
alent compared to whites. We do not fully understand the
reason for that.

With regard to the T allele and gender, we have not
done that analysis yet. We know that gender was not an
independent predictor once you took T into account. How-
ever, we have not done the fine detail work on looking at
gender; I think that is a very interesting place to go.

We have begun to look at endpoints other than just
mortality. This was really our first cut at this data. Dr.
Morris is going to present some data at Shock Trauma in
a little over a month looking at dividing mortality into 2
different groups, up to 72 hours and after 72 hours. This is
certainly no surprise to surgeons, because you know that
early trauma mortality in the hospital is different than late
mortality. I can say that it appears that this mitochondrial
variation emerges as a more important factor in the late
group rather than the early. But we didn’t have enough
statistical power to make that conclusion because we had
to cut our mortality group in half.

Finally, I would like to talk a little bit about the racial
strategies in mitochondrial disease. As opposed to a lot of
other genetics, race is a very important factor. The mitochon-
drial genomes are significantly different based on race. This
analysis is only stratified for whites because it just so hap-
pened that the 3 variations we looked at were not represented
in either African Americans or Hispanics.

A lot of our work focuses on other racial groups. I have
just published a paper in Cancer Research looking at invasive
breast cancer in African American women, which we find
associated with another mitochondrial polymorphism. I think
we are at the very tip of the iceberg in approaching this. We
are just now looking at race using nuclear markers in con-
junction with mitochondrial markers.

DR. DONALD E. FRY (CHICAGO, ILLINOIS): This reminds
me of a paper written about 20 years ago by Sorensen et al
(N Engl J Med 1988; 318:727–32), which identified that
the odds ratio of dying from infection are greater if one of
your parents died of infection at a premature age. This was
the trigger for many people investigating genetic links in
our immunity that would implicate immune deficiency as
the cause. You raise the interesting idea as to whether the
adaptive response of the cell may be defective and that
similar insults might result in some individuals being more
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vulnerable than others. It certainly raises the question as to
whether Sorensen needed to look at the gender of the
parent as yet an additional association.

I found interesting, if I read your data correctly, that the
T allele was expressed 4 times more commonly than the C
allele. And I find it very interesting that Mother Nature
preserved a gene that gives us increased vulnerability to
dying from stress. So I think that must be rationalized
somehow. Genotype can be very deceptive. There are 4 times
as many proteins as there are genes in our nuclear genome. It
would be interesting to know whether that relationship exists
for mitochondrial genes.

But what is the phenotypic evidence in your patients
to show that they really were having an energy crisis? Did
the T allele patients demonstrate more evidence of liver
failure? Did they experience a higher incidence or greater
evidence of liver enzyme elevations? Did they have more
frequent kidney failure? Did they demonstrate evidence to
support the idea of a greater degree of organ insufficiency
as a consequence either of cellular necrosis or of inappro-
priate apoptosis?

Finally, you didn’t identify the patients’ cause of death.
Did they die of sepsis or of shock? What were the real
causes? Obviously, that would be of some significance in
trying to interpret the real meaning of this genetic marker.

DR. JEFFREY A. CANTER (NASHVILLE, TENNESSEE): We are
just in the process of breaking down the mortality into subsets
and so I cannot respond specifically. But there is this tempo-
ral association that I mentioned previously.

As far as markers for energy deficiency, and particu-
larly the possibility for free-radical injury, that is part of our
ongoing work. It is difficult to look for markers. In the
mitochondrial world we resort at the bench to transmitochon-
drial cybrid systems to make those measurements.

Your first question is excellent and very astute. This
particular allele seems to be the more common allele partic-
ularly in whites. And that question was brought up by the
exact opposite point.

The C allele gets all the press. It is associated with
infertility in 1 study from Spain and with the development
of neurodegenerative disorders. The key point here is
reproductive fitness. The T allele perhaps is associated
with greater fertility. You may be less likely to survive
trauma, but you are more fertile. From the genes point of
view, this is all that matters. Hence, this genetic variation
dominates in the white population. The C allele would be
the flip-side of this. With C you may be more likely to survive
trauma, but less reproductively fit. In the Spanish study, men
with the 4216C allele were more likely to be infertile due to
decreased sperm motility compared to 4216T.

The bottom line is that we must go to the bench and
look at this particular genetic change. I do not think this is
anything more than 1 bar of many bars in the genetic barcode

of the response to trauma. But I think it certainly warrants
further investigation.

DR. RAYMOND POLLAK (NAPERVILLE, ILLINOIS): Cytokine
gene polymorphisms are associated with outcome in certain
inflammatory disorders, including organ transplant rejection,
trauma, and the like. Since you have the specimens frozen,
have you looked at cytokine gene polymorphisms and com-
pared these data to what you have currently?

Secondly, as a logistic concern, how did you obtain
informed consent from these patients for something so sensitive?

DR. JEFFREY A. CANTER (NASHVILLE, TENNESSEE): We
have not looked at any cytokine polymorphisms yet. This is
our very first genetic testing in this study population. It
certainly won’t be our last.

As to your second question about informed consent,
this study was done without informed consent. It was done
through an IRB-approved protocol at Vanderbilt that took
approximately 9 months to craft. This is done under waiver of
consent. And we made a strong argument with the attorneys
at Vanderbilt that you cannot study severe trauma and its
consequences in a consent environment. So this data was
obtained without consent, but with IRB-approved protocol.

DR. CHRISTOPHER C. BAKER (BOSTON, MASSACHUSETTS):
My question is fairly simple. If you cannot answer Dr. Fry’s
question about mortality maybe you can answer this one.
Since the battle for shock is won or lost in mitochondria in the
early phase, can you tell us whether there was a difference
between shock on presentation in your groups? Obviously,
you used the highest level of lactate as a marker. Can you just
talk about shock and whether that made a difference?

DR. JEFFREY A. CANTER (NASHVILLE, TENNESSEE): I wish
I could answer that question. I think we are just at the stage
of breaking down the data into those groups. We had a
sample size of over 700 to start with. But, trauma is such a
complex phenotype that as you break it down, you are left
with multiple studies with sample sizes of 100, and inade-
quate power to make comment about associations. We actu-
ally looked carefully at early in-hospital mortality associated
with shock. And we will present that data at Shock Trauma.
It is just not quite ready for me to talk about yet.

DR. BASIL A. PRUITT, JR. (SAN ANTONIO, TEXAS): You
mentioned that this was an expensive assay. Before we all
start measuring this in our patients, let me ask: in your
multivariate analysis, when you determine the variance ac-
counted for by age, ISS, lactate, and all the other variables
listed, how much residual variance is accounted for by the
Mito 4216T? Is it a significant amount? Lastly, could you
expand a little bit on your statement that this has implications
for managing critically ill patients? What do you envision that
we are going to do with that?
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DR. JEFFREY A. CANTER (NASHVILLE, TENNESSEE): It
takes money obviously to extract DNA and to set up the
assays.

As far as the actual component of risk that can be
attributed to this genetic variation, it is a little bit mislead-
ing. If you look at the odds ratio and it is 2, that just goes
from C allele to the T allele. But if you look at ISS, it is
1.05. But that is 5% compounded for each point of ISS. I
suspect that the risk associated with this single genetic
variation is rather small compared to age and ISS. What we
are going to do is prospectively look and test our model.
This will answer the question.

Your other question asks about the implication of this
finding. I am not a surgeon, but here is the point that I see.
This is the same type of mitochondrial change that we see in
retinal disease. And if you go to an ophthalmology meeting,
we are talking about aggressive use of free-radical scaveng-
ing medications based on genotype. Another implication may
relate to the administration of oxygen. If someone is geneti-
cally predisposed to form higher levels of oxygen-derived
free radicals, then prolonged, high oxygen levels may not be
a good thing. There are many other factors. But basically we
are at the very first inning of the ball game, and I can only
imagine management benefits from this finding.
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